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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a versatile production system and methods for operating the system. The 
system manufactures various kinds of products, including small quantities, on a single production line. The present 
system particularly relates to methods for operating the system by monitoring the running conditions of the production 
line and automatically generating work order sheets so as to increase productivity by minimizing tact-time of the pro- 
duction line. A relevant production planning system is disclosed by document GB A 2 219 109. 

10 [0002] In general, in a production line for manufacturing products, necessary parts for assembling the products are 
supplied; the products are assembled, tested and inspected and the performance of the assembled products are ap- 
proved as a result of the test and are conveyed to a packing site. It is preferable for mass production to install a 
production line for each product, and when various item products are manufactured, including small quantities, a large 
factory space and a large number of production facilities are required. When products are manufactured in small quan- 

15 tities having a separate production line for each product, idle time increases, and sections of occupied factory space, 
production facilities, and operators become redundant. 

[0003] In order to solve these problems, an applicant of the present invention developed inventions previously filed 
at the Japanese Patent Office, entitled "Versatile Production System". According to this system, a production system 
is provided that manufactures various kinds of products, including small quantities, and in the system, work order 
20 sheets required for each process and information pertaining to defective parts found in the preceding processes on 
the line are automatically provided, and the system automatically produces a test result report before conveying the 
products to a packing site. 

[0004] In such a production system, there are three aspects that should be considered to improve productivity. The 
first aspect is described hereinafter. In the production line, tact time, which is consumption time for executing each 
25 process such as product assembling, testing and inspection is different depending on the work efficiency or health 
conditions of each operator. The tact time changes depending on each operator's working time, because the work 
efficiency changes depending on each operator's working time. 

[0005] The second aspect is that continual production proceeds without knowing the manufacturing condition of 
defective products, which depends on missing parts and defective units found in the assembled and tested products. 

30 [0006] When continual production proceeds without knowledge of the preceding processes, that is if abnormal con- 
ditions occur, productivity deteriorates significantly. While if the continual production proceeds without knowing the 
percentage of defective products, a significant number of defective products are potentially manufactured. 
[0007] The third aspect is described below. In the production line, consumption time for executing each process such 
as assembling, testing and inspecting is different so that tact time, which is the maximum consumption time for executing 

35 each process, is preferably minimized, whereby each operator does not have excess time between each process. In 
order to minimize tact time, work order sheets are occasionally prepared for each operator at each working site, which 
are prepared by trial and error based on manual calculations when work is assigned to operators at each work site. 
Production then proceeds in accordance with the work order sheets. 

[0008] However, the work order sheets obtained above are usually inappropriate, thereby providing operators with 
40 idle time and reducing productivity. In addition, preparation of the work order sheets requires time and labor, thereby 
preventing the work order sheets from being prepared on time when work order changes are required from the pro- 
duction control system. 

SUMMARY OF THE INVENTION 

45 

[0009] The invention concerns a versatile production system and a method of operating a versatile production system , 
as defined by claims 1 and 8 respectively. 

[0010] The object of the present invention, which solves the foregoing problems, is to provide a versatile production 
system and operating methods that have a monitoring function showing running conditions of the line, such as the 
50 work efficiency of each operator for each process and the current percentage of defective products, and that rapidly 
output appropriate work order sheets to each operator after determining a failure on the production line. 
[0011] Fig. 1 is a basic construction drawing of a versatile production system of the present invention. The versatile 
production system of the present invention, which achieves the first object, comprising: 

55 at least one assembling site 1 for assembling parts delivered in order and making various kinds of products on a 

single production line; 

at lease one testing site 2 for testing and inspecting the performance or quality of assembled products; 
a plurality of line terminals 3 installed at any of the assembling sites or the testing sites; 
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a communication-memory unit 4 attached to a product or a pallet for loading the product so as to match the flow 
of products and information and that communicates manufacturing data with the line terminals and memories when 
the pallet is conveyed to the production line; 

a line host controller 5 reads the memorized data from the communication-memory unit via the line terminals 
5 installed in the work places of the assembling sites and the testing sites, and uses the read data to output work 

order sheets for operators working at the assembling sites and the testing sites via the line terminals; 
a line host control terminal 6 that directly inputs and outputs data for master file maintenance, including work order 
control, progress control, schedule arrangement and machine history related data with the line host controller; and 
a fault product information terminal 7 that inputs fault code data showing the contents of faults for fault products 
10 that should be replaced, and deletes the fault code data after repairing the fault by replacing the fault parts. 

[0012] The versatile production system includes the line host controllerthat monitors parameters such as time control, 
quality conditions and states of operators for running conditions of said versatile production line, compares the param- 
eter data with a caution level threshold value and displays a caution notice when the parameter data is larger than the 

15 caution threshold value through the line terminals or the line host control terminal. 

[001 3] The versatile production system includes the line host controller that monitors parameters such as time control, 
quality conditions and states of operators for running conditions of said production line, compares the parameter data 
with a hazard level threshold value and displays a hazard notice when the parameter data is larger than the danger 
threshold value through the line terminal or the line host control terminal, and outputs work orders for rearranging the 

20 production line. 

[001 4] The versatile production system includes the line host controller that monitors parameters such as time control , 
quality conditions and states of operators for running conditions of the production line, compares the parameter data 
with a critical fault level threshold value and stops the production line, displays and outputs work orders for operators, 
thereby providing next work operations through the line terminals or the line host control terminal when the parameter 

25 data is larger than the critical threshold value. 

[0015] In the versatile production system the parameter related time control is calculated after communication with 
the line host controller via the line terminals concerning the memorized data in the communication-memory unit. 
[0016] In the versatile production system the parameter related quality conditions are calculated from data commu- 
nicated with the line host controller via the line terminals or the fault product information terminal. 

30 [0017] In the versatile production system, the parameters related to states of operators are calculated from sensor 
signals, which are installed in the workplaces for operators and electrically connected to a programmable controller 
and the sensor signals are transmitted to the line host controller via the line terminal. 
[0018] A method for operating a versatile production system comprises: 

35 a step 1 that monitors parameters such as time control, quality conditions and state of operators for running con- 

ditions of the production line; 

a step 2 that compares the parameter data with a caution level threshold value; and 

a step 3 that displays a caution notice when the parameter data is larger than the caution threshold value through 
the line terminals or the host control terminal. 

40 

[0019] A method for operating a versatile production system comprises: 

a step 1 that monitors parameters such as time control, quality conditions and states of operators for running 
conditions of the production line, compares the parameter data with a hazard level threshold value; 
45 a step 2 that displays a hazard notice when the parameter data is larger than the danger threshold value through 

the line terminal or the line host control terminal; and 
a step 3 that outputs work orders for rearranging the production line. 

[0020] In the method for operating a versatile production system, the production line is rearranged by means of 
50 changing the work man-hours for each operator and the number of operators, and the work place changes depending 
on the operators' rating. 

[0021] A method for operating a versatile production system comprises: 

a step 1 that monitors parameters such as time control, quality conditions and states of operators for running 
55 conditions of the production line; 

a step 2 that compares the parameter data with a critical fault level threshold value; 
s step 3 that stops the production line; and 

a step 4 that displays and outputs work orders for operators, thereby providing next work operations through the 
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line terminals or the line host control terminal when the parameter data is larger than the critical threshold value. 

[0022] A versatile production system which achieves the aforementioned second object comprises: 

5 at least one of assembling sites 1 for assembling parts delivered in order and making various kinds of products 

on a single production line; 

at least one of testing sites 2 for testing and inspecting the performance or quality of assembled products; 
a plurality of line terminals 3 installed at any of the assembling sites or the testing sites; 
a communication-memory unit 4 attached to a product or a pallet for loading the product so as to match the flow 
10 of products and information and that communicates manufacturing data with the line terminal and memorizes same 

when the pallet is conveyed to the production line; 

a line host controller 5 reads the memorized data from the communication-memory unit via the line terminals 
installed in the workplace of the assembling sites and testing sites, and uses the read data to output work order 
sheets for operators working at the assembling sites and the testing site via the line terminals and outputs test 
15 result reports containing test/inspection record data for a product that has been assembled, tested and inspected 

and finally determined as defective free products via a line terminal installed at a final testing site; and 
a line host control terminal 6 that directly inputs and outputs data for master file maintenance, work order control, 
progress control, schedule arrangement and product history related data with the line host controller: 

20 wherein the line host controller 6 is characterized in that it previously memorizes; each file such as work contents, 

operators, time changes standard parts feeding sequence, components of a product and maintenance tools; receives 
a production command from the production control system; calculates and shares work so as to minimize the tact; and 
outputs the work order sheets via the line terminal. 

[0023] A versatile production system further comprises a fault information terminal 7 that inputs fault content data 
25 for products having faulty parts to be replaced, inputs faulty parts data that indicates parts are defective, and deletes 
the faulty input data after repair by replacing the faulty parts. 

[0024] In the versatile production system, the line host controller outputs work order sheets to minimize the tact via 
the line terminal; 

the work order sheet is generated from a schedule file that records the work start date, type code, product name, 
30 product number, work sequence and work start time for a determined process, and a process base work file that 
indicates which product should be produced, and indicates when and what time the work should be started, and what 
work should be executed based on each process. 

[0025] A method for operating a versatile production system so as to minimize the tact comprises: 

35 a first step to calculate an average value by dividing the total work man-hours that is the sum of man-hours required 

by each work for making a predetermined product by a process number corresponding to an operator number; 
a second step to multiply each group sum of work man-hours for work assigned to each operator by each rating; 
namely, a work efficiency factor for each operator so as to render the work man-hours for each process equal or 
less than the average value. 

40 

[0026] A method for operating a versatile production system so as to minimize the tact comprises: 

a first step to determine the intended assigned man-hours of each operator by dividing the sum of the total work 
man-hours by the sum of the rating of each operator and multiplying the operator rating; 
45 a second step to assign works to each operator so as to render the work man-hours for each process equal or 

less than the intended assigned man-hours. 

[0027] A method for operating a versatile production system so as to minimize the tact comprises: 

a third step that assigns remaining work that was not assigned to each operator so as to obtain the total work 
so man-hours for each operator by adding the group sum of work man-hours for each operator, which become substantially 
equal between operators. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0028] 

Fig. 1 is a basic construction drawing of a versatile production system of the present invention; 
Fig. 2 shows an embodiment of a versatile production of the present invention; 
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Fig. 3 shows hardware for linking between an ID card unit and a line host controller; 
Fig. 4 shows a format of an ID card; 

Fig. 5 is a flow chart for a monitoring process of a versatile production system of the present invention; 
Fig. 6 is a table example showing a calculation process of a production line balance considered as most appropriate 
s before modification; 

Fig. 7 is a table example showing a calculating process of a production line balance considered as most appropriate 
after modification; 

Fig. 8A is a half part of a table example for a work contents file stored in a memory area of a line host controller; 
Fig. 8B is another half part of a table example for a work contents file stored in a memory area of a line host 
10 controller; 

Fig. 9A is a table example for an operator file stored in a memory area of a line host controller; 

Fig. 9B is a table example for a highly efficient working time zone file stored in a memory area of a line host controller; 

Fig. 9C is a table example for a normal production sequence file stored in a memory area of a line host controller; 

Fig. 1 0A is a table example for a maintenance tool file stored in a memory area of a line host controller; 
15 Fig. 1 0B is a table example for a parts list file stored in a memory area of a line host controller; 

Fig. 10C is a table example for a production command file stored in a memory area of a line host controller; 

Fig. 11 A is a table example of a process base file stored in a memory area of a line host controller; 

Fig. 11 B is a table example of a schedule file stored in a memory area of a line host controller; 

Fig. 1 2 is a first part of a process flow chart for generating a work order sheet arranging an appropriate production 
20 line balance; 

Fig. 1 3 is a second part of the flow chart continuing to Fig. 1 2; 

Fig. 14 is a last part of the flow chart continuing to Fig. 13; 

Fig. 15 is a table example showing a first calculation process of a production line balance considered most appro- 
priate; 

25 Fig. 16 is a table example showing a second calculation process of a production line balance considered most 

appropriate; 

Fig. 17A is a half part of a collection of display examples of work order sheets; 
Fig. 1 7B is another half part of a collection of display examples of work order sheets; 
Fig. 18A is a display example when fault unit data is input; 
30 Fig. 18B is a display example when product error code are input; 

Fig. 19A is a display example of a units list for a product before replacing faulty units; 
Fig. 19B is a display example of a unit list for a product after replacing faulty units. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 

[0029] Fig. 2 shows an embodiment of a versatile production system of the present invention. In Fig. 2, M1 to M6 
denote assembly sites for assembling products. T1 to T14 denote testing sites for testing and inspecting semi-assem- 
bled products. A semi-assembled product implies an integrated body of parts making up a product, which is then 
transported during the assembling process, from assembly to completion of assembly, to the first testing site T1 . In 

40 the assembling sites M1 to M6, semi-assembled products 1 to 6 are assembled. The assembling sites M1 to M6 include 
temporary parts supply stations (not shown), in which parts required for the type of product are stored. Trolleys are 
used to distribute parts, each of which distributes parts to the assembling sites M1 to M6 in the order in which the parts 
are assembled. Some assembling sites may not be used depending on the number of parts. For example, if assembling 
is completed by using assembling site M1 to M4, then assembling site M5 and M6 are not used. In this embodiment, 

45 an ID card (not shown) serving as a communication-memory unit or a data carrier is attached to a pallet for loading a 
product. The ID card is used to transfer information necessary for manufacturing products to or from a line host controller 
via line terminals. 

[0030] Fig. 3 shows hardware for linking between an ID card and a line host controller. In Fig. 3, a numeral 1 1 denotes 

what is referred to as an optical ID unit or an ID card in the present invention. The ID card 11 is attached to a product 
50 or a pallet for loading a product, and an optical terminal 12 is installed in each assembling site or each testing site. 

When the ID card arrives, a photoelectric switch installed in each assembling or testing site detects the presence of 

the ID card and a sequencer 14 stops a conveyor belt, which is not shown. The assembling or testing is then started. 

Beforehand, the ID card 11 is communicated via the optical terminal 12 to read or write data therefrom or thereon. 

Reading or writing data is effected by a line terminal 15 in each workplace under the control of a line host controller 
55 16. A signal transferred via the optical terminal 12 is amplified by a control unit 13. The control unit 13 is connected 

through the sequencer 1 4 or directly to the line terminal 1 5 using an RS-232C interface. 

[0031] A line terminal in an assembling site M1 transmits a products code corresponding to a product type that has 
been entered by a keyboard or by reading a bar code to a line host controller. The line host controller writes data for 
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an ID card, such as, a products code, a control number, a process number, a work start time, a work end time, and 
test patterns that are stored therein, on an ID card to be described later via a semi-assembled product handling terminal. 
The line host controller then informs an operator of the data for an ID card by outputting an assembling work order 
sheet to a CRT monitor or printer connected to the semi-assembled product handling terminal. The operator in the 
5 assembling site M1 starts driving a transporting means or a conveyor belt (not shown) so as to transport an assembled 
product according to the work order sheet. 

[0032] At assembling sites M2 to M6, semi-assembled product terminals or line terminals installed therein read the 
product code, control number, and other data from the ID card attached to the pallet transported sequentially to the 
workplaces. The semi-assembled product terminals also read data pertaining to the type, part numbers, lot numbers, 

10 and the manufacturing dates of the parts making up the semi-assembled product, for example, from the bar codes 
attached to the parts. The semi-assembled product terminals then transmit the read data to the line host controller. 
The line host controller informs operators of the above data by outputting the assembly work order sheets associated 
with the assembling sites M2 to M6, which will be stored in the line host controller, to CRT monitors or printers connected 
to the respective semi-assembled product terminals. The operators start driving transporting means or conveyor belts 

15 (not shown) to feed semi-assembled products 1 to 6, which are being assembled, to the assembling sites at the sub- 
sequent steps. Finally, the semi-assembled product 6 is transported to a testing site T1 . 

[0033] A testing terminal or a line terminal in the testing site T1 reads the products code and the control number from 
the ID card attached to the transported pallet and identifies the type, part numbers, lot numbers, and manufacturing 
dates of the parts making up the product by reading, for example, bar codes attached to the parts. The testing terminal 

20 then transmits these data to the line host controller. The line host controller determines whether any part is missing 
from the semi-assembled product 6, then issues a work order indicating, for example, Missing Part Found to a CRT 
monitor or a printer connected to the testing terminal, thus informing the operator. Moreover, the testing terminal writes 
the data acquired in the testing site T1 , which includes a process number, a work start time, a work end time, and the 
results of determination indicating the presence or absence of a defect, on the ID card. The operator then starts driving 

25 a transporting means or a conveyor belt (not shown) to feed the semi-assembled product 6 to a testing site T2. 

[0034] A line terminal in the testing site T2 reads the data of products code and the control number from the ID card 
attached to the transported pallet, then transmits these data to the line host controller. The line host controller checks 
and determines whether Software Keep should be executed; that is, if a test program should be written in the hard disk 
of the product, and then informs an operator of the results of the check by outputting the result to a CRT monitor or a 

30 printer connected to the line terminal. When it is determined that Software Keep should not be executed, the operator 
starts transporting the semi-assembled product to a testing site T3 at the next step, and when it is determined that 
Software Keep should be executed, the operator temporarily places the semi-assembled product on a Software Keep 
shelf, writes a test program on the hard disk of the product, and starts transporting the semi-assembled product to the 
testing site T3 at the next step. 

35 [0035] A line terminal at the testing site T3 reads the data of products code and the control number from the ID card 
attached to the transported pallet, and then transmits the read data to the line host controller The line host controller 
checks to determine if the semi-assembled product 6 should be retired (i.e. subjected, as a returned article, to a repairing 
process), then informs an operator of the result of the check by outputting same to a CRT monitor or a printer connected 
to the line terminal. When it is determined that the semi-assembled product should be retired, the operator places the 

40 semi-assembled product 6 at a retiring site. When it is determined that the semi-assembled product should not be 
retired, the operator checks a setting order indicating the conditions for setting high-temperature aging and low-tem- 
perature aging apparatuses, then sets the aging apparatuses according to the setting order. In the setting, the operator 
sets the aging time, relative to a set aging voltage to, for example, two hours at a voltage L (a little lower than 5V) or 
twelve hours at a voltage VH (a little higher than 5V), and specifies the number of steps occupied by each aging 

45 apparatus that depends on the size, or especially, the height of a semi-assembled product. The operator then starts 
driving a transporting means inside the high-temperature aging apparatus toward a testing site T4 at the next step. 
[0036] The number of occupied steps is set to six for each of the high-temperature aging and normal-temperature 
aging apparatuses. A transporting means covering six steps is installed, and depending on the height of a semi-as- 
sembled product, two or three steps are occupied for each semi-assembled product. The high-temperature aging 

so apparatus consists of transporting means for outgoing and incoming paths. The normal-temperature aging apparatus 
includes a transporting means for an outgoing path alone. A retiring site is preserved not only in testing site T3 but 
also in testing sites T4, T5, T7, and T14. 

[0037] A line terminal in the testing site T4, which situated outside the outgoing path of the high-temperature aging 
apparatus, reads the data of the products code and the control number from the ID card attached to the transported 
55 pallet, and then transports the read data to the line host controller. The line host controller outputs the received data 
to a CRT monitor or a printer connected to the line terminal, thus reporting whether or not the semi-assembled product 
6 has an automatic voltage change function, and when the semi-assembled product 6 has said function, the operator 
does not respond and when the semi-assembled product 6 does not have said function the operator modifies the set 
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voltage value manually. The operator then starts driving a transporting means in the high -temperature aging apparatus 
to transport the semi-assembled product 6 through the outgoing path of the high-temperature aging apparatus toward 
a testing site 5 at the next step. 

[0038] A line terminal in the testing site T5, which is situated outside the outgoing path of the high -temperature aging 
5 apparatus, reads the data of the products code and the control number from the ID card attached to the transported 
pallet, and then transmits the read data to the line host controller. The line host controller outputs the aging time for 
the normal-temperature (room-temperature) aging apparatus and the number of occupied steps for the semi-assembied 
product to a CRT monitor or a printer connected to the line terminal, thus informing an operator of the data. The operator 
sets the aging time for the normal-temperature aging apparatus and the number of occupied steps as informed, and 
10 then starts driving a transporting means in the normal-aging apparatus, 

[0039] After normal-temperature aging is completed, the semi-assembled product is transported to a testing site 
T1 0. A line terminal in the testing site T1 0 reads the data of the products code and the control number from the ID card 
attached to the transported pallet, and then transports the read data to the line host controller. The line host controller 
outputs the received data to a CRT monitor or a printer connected to the line terminal, thus informing an operator 
15 whether Software Keep should be executed; that is, whether an operating system should be written. When Software 
Keep should be executed, the operator executes a write operation, and following that, the operator starts driving the 
transporting means to a packing site toward a testing site T14. When Software Keep should not be executed, the 
operator starts driving the transporting means without Software Keep. 

[0040] A line terminal in the testing site T1 4 reads the data of the products code and the control number from the ID 

20 card attached to the transported pallet, and then transmits the read data to the line host controller. The line host controller 
issues a test result report to a printer connected to the line terminal at the testing site T14. Moreover, the line host 
controller executes Stocking After Testing; in other words, the line host controller reports the completion of assembly 
and inspection to a production management system. Furthermore, the line host controller communicates via a packing 
site host controller at a packing site over LAN, and informs an operator of a packing work order indicating that a 

25 cardboard box required for packing should be prepared to transport a semi-assembled product to the packing site by 
outputting the packing work order to a printer or a CRT monitor connected to the administration terminal of the packing 
site host controller. On the other hand, the line terminal in the testing site T14 writes the data acquired in the testing 
site T14, which includes a process number, a work start time, a work end time, and the results of a determination 
representing the presence or absence of a defect, on the ID card. Finally, the operator starts driving a transporting 

30 means or a conveyor belt (not shown) so as to feed the product to the packing site. 

[0041] Furthermore, in the vicinity of a workplace for repairing faulty products, a fault-in (information) terminal is 
provided. Through the fault-in terminal, data indicating faulty contents are input for the product in which at least one 
defective unit is found, defective parts data which are judged defective are input, and the faulty contents data or de- 
fective parts data are deleted when defective units or parts are replaced. In this way, quality control is executed. 

35 [0042] A line host control terminal 6 is used when directly inputting or outputting the data relating to production 
management and quality control including master file maintenance, work order control, progress control, schedule 
arrangement, and product history control. The host controller 5 is called a floor controller because it is on the same 
floor as the production line. Furthermore, the line host controller 5 outputs work order sheets to minimize the tact via 
each line terminal. 

40 [0043] Fig. 4 shows a format of an ID card. An ID card employed in the embodiment has a storage capacity of 2K 
bytes as shown in Fig. 4. A 32-byte memory area (herein, one byte consists of four bits) is allocated to each of the 22 
addresses. In this memory map, data stored at address 1 are fixed data, a products code, a control number, data 
indicating the presence or absence of a defect, a line-out flag, a line-in flag, selection of VH or VL, line-out Process, 
Pallet Return, a re-entry flag, a No. 1 Keep flag, a No. 2 Keep flag, and Automatic Voltage Change of VN, VL, and VH. 

45 Data stored at address 2 are a high-temperature VH aging time, a high-temperature VL aging time, a normal-temper- 
ature aging time, Step Change, and supplementary data related to line control. Data stored at addresses 3 to 8 are 
the process numbers, start times, the results of determination, end times, and supplementary data of semi-assembled 
products 1 (assembling site M1) to semi-assembled products 6 (assembling site M6). Data stored at addresses 9 to 
10 are process numbers, start times, the results of determination, end times, and supplementary data of semi-assem- 

50 bled products from the beginning of the test process (at a testing site T1) to the end of the test process (at a testing 
site T14). 

[0044] The contents of the memory will be described as a supplement. Fixed data represents a leading address of 
a memory area and is set to 0. The products code and the control number indicate a product type and a parts number 
respectively. The presence or absence of a defect indicates whether or not a part is missing or an abnormality is found 
55 jn the results of a test. The line-out flag provides identification data indicating that a product should be neither assembled 
nor tested until a product, in which a defect is detected, reaches the first retiring space. The line-in flag specifies re- 
entry; that is, provides data indicating whether or not product is retired, or in which process a retiring order is issued. 
For example, 00 represents No Retired Product. 01 represents Retire Order issued in Process 1. Selection of VH or 
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VL indicates whether VH or VL is set to an automatic power change unit installed at a testing site T4. Line-out Process 
indicates a process in which a product is retired. Pallet Return is data indicating whether a pallet should be returned 
to a leading process by passing through or bypassing the high-temperature aging apparatus. The re-entry flag specifies 
whether or not the product is a re-entered article. The No. 1 Keep flag specified whether or not to load a test program. 
s The No. 2 Keep flag specifies whether or not to load an operating system on a hard disk. Automatic voltage Change 
of VN, VL, and VH indicates whether a product has an automatic voltage change function. 

[0045] The high-temperature VH aging time, high-temperature VL aging time, and normal -temperature aging time, 
which reside at address 2, are provided, for example, as data 1230, meaning that aging continues for twelve and a 
half hours. Step Change indicates the selection of one step, two steps, or three steps. The process numbers residing 
10 at addresses 3 to 22 are concerned with assembling sites M1 to M6 or testing sites T1 to T14. The start time or end 
time is written in the form of a date, hours, minutes, and seconds. The results of the determination indicate the presence 
or absence of a defect. 

[0046] As described above, an ID card stores data of each product. As a semi-assembled product is transported 
over a production line, the ID card is read and written at assembling and testing sites. Based on these data, up-to-date 

15 and accurate work orders are issued. Communication with a quality information system and a production management 
system enables the common use of data and offers support to quality control and production management systems. 
[0047] Fig. 5 is a flow chart for a monitoring process of a versatile production system of the present invention . Before 
explaining Fig. 5, parameters used for monitoring the versatile production system of the present invention will be ex- 
plained. The parameters are divided into three main factors such as (A) time controls, (B) quality conditions and (C) 

20 state of operators. 

[0048] According to (A), time control based parameters, there are three main parameters: tact time, line balance and 
man-hours for each process that is input from line terminals. All of these parameters are calculated based on input 
data through the ID cards, in such a manner that the tact time is calculated from the time each semi-assembled product 
is passing the individual working site, the line balance is calculated from the time differences between the maximum 
25 tact time and the minimum tact time in each process, and the number of man-hours for each process is calculated by 
deducting the work start time from the work end time. There is another parameter according to (A), that is, operator 
unoccupied time, which is calculated from sensor input signals located at each working site so as to detect the existence 
of the operator. 

[0049] According to (B), quality condition based parameters, there are several parameters pertaining to the frequency 
30 of faulty products occurring based on types, processes, contents, parts and critical faults, which are calculated from 
input information mainly obtained through the faulty information terminal each time faulty products are found. 
[0050] According to (C), the state of operator based parameters, there are three main parameters: stop hours at the 
same location, remaining hours outside the normal working site, and frequency of moving from the working site, all of 
which report the status of the operator. These parameters are calculated from sensor input signals provided at each 
35 working site and electrically connected with programmable controllers, and are then communicated with the line host 
controller via each of the line terminals. 

[0051] The threshold value table are explained hereinafter. In the embodiments of the present invention, a caution 
level and a hazard level are provided as threshold levels, and additional threshold levels may be provided if necessary. 
[0052] The calculations of each parameter are enplaned below. Each parameter is defined as follows: 

40 





(A) Time controls 




Tstart : 


work start time of a process 




T: 


arriving time of a semi-assembled product (for nth product) 


45 




arriving time of a semi-assembled product (for (n+1)th product) 




T end : 


work end time of a process 




T out : 


product feeding time from a process 




T tact : 


tact time of a process (T tact = T s1 - T s0 ) 




T S f 0 p : 


work stop time (T 5top = T out - T end ) 


50 


"Hcosu : 


working man-hour (T kosu = T^ - T end ) 




T bar : 


line balance [T bar == MAXf!"^) - MIN(T tact )], 



where T start , T^, T s1 , T end and T out are direct input data received through the ID cards, and T toct , T stop , T kosu and 
T bar are calculated from the input data received through the ID cards. 
55 (B) Quality conditions 

N ir>e : number of semi-assembled products fed in to the production line (counted at the first working site) 
N,^ : number of semi-assembled products passed through each working site 
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N err^d- 
Nerr 
°kisyu : 



same product type faulty product number occurrence 
same process faulty product number occurrence 
same contents faulty product number occurrence 
same parts faulty product number occurrence 
same type faulty product occurrence frequency 



(Qkishu ■ (Nerr-d/N ln .<) x 100) 



same process faulty product occurrence frequency 

(Q k otei = (N err . k /N lrvk )x100) 
same contents faulty product occurrence frequency 

(Qnaiyo = (N er , n /N |n .,)Xl00) 

same parts faulty product occurrence frequency 

(Qbuhln = (N e rrVN M )Xl00 ( 

25 where N ir>€ , N jrvk , N err . d , N erT . n and N err . b are direct Input data received through the fault information terminal, the 

line terminals or the ID cards, and Q kjshu , Q kotej , Q^ 0 and Q buhjn are calculated from the direct input data above. 
(C) State of operators 

T m-stp : st0 P time in tne same s P ot 
30 \ m . ouX : traveling time outside of the normal working site (time) 

c m-out : number of moving outside from the normal working site (number), 

where T^p, T m . out and C m . oul are calculated from sensor input signals for detecting each operator at each working site. 
[0053] The methods for reading input data for the parameters are explained below. 

(A) As time data information of each process, each work start time of a process is input from the ID card and work 
end time is input from the keyboard by each operator. The start time and the end time of each process can be 
automatically recorded from the ID card attached to each product when it passes through the working site. The 
work end time can be input from the keyboard by an operator when the operator completes the process or as the 
last signal generated from a robot or an automated unit when the process is completed by the robot or the automated 
unit. 

(B) As faulty product information, data such as types, occurring time, processes, contents, parts and otherwise 
regarding faulty product occurrence frequencies are recorded through the fault information terminal, the line ter- 
minals or ID card. 

When a faulty product is found, the contents of the fault are transmitted to the line host controller. The contents 
include the test result information written on the ID card or a hard disk in each product. 

(C) As operator location information, data such as accumulated time the operator spent at the working site at which 
the operator spent the main working hours of the day, accumulated time the operator spent outside the normal 
working site, and the frequency that the operator moved outside the normal working site are calculated from sensor 
signals, which detect the operators working at each working site. The sensors are connected to each programmable 
controller located at each working site. The data are stored in a memory area in the line host controller. The sensors 
may be touch sensors attached to a mat placed at a working site, thereby monitoring the location of the operator. 

[0054] Fig. 5 is explained below. In Fig. 5, the numeral following the letter "S" indicates the step number. 

55 

(STEP S1) : Initialize all flags to zero (normal state) in the memory area of the line host controller. 
(STEP S2) : Read all parameter data described above. 
(STEP S3) ; Calculate all parameters described above. 



10 Q, 



! kotei- 



15 Q. 



naiyo* 



20 Qbuhm : 



40 



45 
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(STEP S4) : Register necessary information into a file related to a critical fault that should be input by a keyboard, 
which belongs to the fault information terminal, thereby verifying the occurring fault event with the registered in- 
formation. If the event is determined as a critical fault, go to STEP S11 , if not go to STEP S5. 
(STEP S5): Compare each parameter data with each threshold value of the corresponding caution level, if the 
5 value of the parameter data is less or equal to the threshold value, return to STEP S2, if not, go to STEP S6. 

(STEP S6): Check whether any of the flags are zero (indicates normal condition) or not, if yes, go to STEP S13, 
if no, go to STEP S7. 

(STEP S7): Compare each parameter data with each threshold value of the corresponding hazard level, if the 
value of the parameter data is less or equal to the threshold value, return to STEP S2, if not, go to STEP S8. 
10 (STEP SB): Set the flag for hazard to 1 . 

(STEP S9): Input data into a memory area of the production line based on a modified table that is obtained by 
calculating the production line balance considered most appropriate. 

(STEP S10): Output work change order information ordering work to be changed determined from the modified 
table via each line terminal. 

15 (STEP S11); Stop the production line, i.e., stop new supply to the line, and stop all delivery conveyors except the 

aging device. 

(STEP S1 2): Output the work order for the next production. For example, 

(a) Retire, i.e., return returned goods to a repair process, where the returned goods mean semi-assembled 
20 products that cannot continue to the following production process in the middle of the production line because 

of faults. 

(b) Input the keyboard and note the completion of the process 

(c) Command the restart procedure 

25 (STEP S13): Change the data in the operatortable indicating identification number, name and rating of operators. 

In the change, each working time for each process M1 , M2 and M3 is calculated based on the ID card information 
or the key board operations by each operator input at every work end time and the rating for each operator is 
determined as follows. 



30 



35 



Planned work man-hour 
= standard work time x 1 00/rating data stored in the operator table 
Real work man-hour 
= standard work time x 100/current operator rating data 



where the current operator rating data is calculated from each process work time obtained from the input data 
40 input via ID card or each line terminal keyboard. The current rating is calculated by solving the two formulae above. 

Current operator rating data 

4s = (Planned work man-hour/Real work man-hour) x Rating data stored in the operator table 

Furthermore, in STEP S13, preparation for work assignment with the modification table proceeds. 

Namely, the process for generating a schedule file includes information pertaining to the completion of work 
preparation, the work start date, the code of a product type, the name of equipment, the number of products, the 
so sequence of work and the work start time of each process, and an individual process work file includes the product 

name for manufacturing, the production number, the work start time and the work contents. 
(STEP S14): Set caution flag to 1 . 

Fig. 6 is a table example showing a calculation process of a production line balance considered most appro- 
55 priate before modification, and 

Fig. 7 is a table of the same after modification. 

[0055] In Fig. 6 and Fig. 7, X A to X 21 indicate the man hours of each operator, A 1 to A 3 indicate the sum of man- 
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hours of each process, R 1 to R 3 indicate the rating of each operator, m indicates the number of processes and n 
indicates the number of individual work. In these drawings, m = 3 and n = 21 . 

[0056] In the example shown in Fig. 7, the calculating method is shown to realize the most appropriate production 
line balance when the operator rating for the process M 2 changes from 80 to 70. 

5 [0057] Hereinafter, the mode of operations is explained. Before the explanation, various kinds of files stored in a disc 
in the line host controller are explained. These files include work contents, operators, time change and standard parts 
feeding sequence previously generated and can be maintained by the host controller terminal, files for stock parts 
control and maintenance tools loaded to a disc in the line host controller, a file for a work order such as manufacturing 
number input from the production control system, a schedule file to improve the productivity of the production line 

10 generated from the production system, and the individual process file. 

[0058] Fig. 8A and Fig. 8B show a table example for a work contents file stored in a memory area of a line host 
controller. Type code 10451 and 74329 correspond to product name a and p, respectively. In each product, various 
kinds of work is assigned, for example, work name X, to X 21 are assigned to the product name a, while work names 
X 22 and thereafter are assigned to the product name p. As for each work name, data such as work contents, assembling 

15 parts, preparation and cleaning hours, working man-hours, working sequence and cautions (not shown in the table) 
are stored in a disk in the line host controller. And as for assembling parts, the data such as parts name, parts supplied 
and quantity of parts are stored. As for preparation and cleaning hours, hours for preparation and cleaning data are 
stored, respectively. 

[0059] In the work sequence column, numerical data 1 to 1 8 are stored for the product name a. The numerical data 
20 are ordered in accordance with how effectively the product name a can be assembled by processing individual work 
names X 1 to X 21 in order. If there are more than two similar numerical numbers to each work name, work contents of 
the work name can be started for whichever work content is first. Furthermore, the time of preparation and cleaning 
hours and the work man-hours may be measured in minutes or seconds, 

[0060] As a caution column, for example, for work name X 5 , "Metal fitting should be mounted to the far left side.", 
25 and as for work name X 15 , "No gap with upper cover", important message data for assembling work are explained. 
The work contents file explained above is constructed by this data base or otherwise. 

[0061] Fig. 9A, Fig. 9B and Fig. 9C are table examples for an operator file, a highly efficiency working time zone file 
and a normal production sequence file respectively stored in a memory area of a line host controller. 
[0062] Fig. 9A indicates an operator file. In this file, identification number data, name data and rating data of each 
30 operator are stored. 

[0063] Fig. 9B indicates a time zone during which an operator can work effectively. 

[0064] Fig. 9C indicates the type code in the left column, and the production sequence number in the right column. 

If the same production sequence number exists in a different type code, any type code product can be produced first. 

[0065] Fig. 1 0A is a table example for a maintenance tool file stored in a memory area of a line host controller. This 
35 table in particular shows data for current maintenance tool stock quantities for a test process. The data decreases 

when the tools are brought to the production line and increases when the tools are returned from the line. 

[0066] Fig. 1 0B is a table example of a parts list file stored in a memory area of a line host controller. This table 

shows a parts list including maintenance tools for a product name a. From this file, the name and number of maintenance 

tools used for each product can be determined. 
40 [0067] Fig. 10C is a table example of a production command file stored in a memory area of a line host controller. 

As shown, production command data such as the work start up date, the type and code, the name of products, the 

manufacturing quantities and the scheduled completion date are stored in the file. 

[0068] Fig. 1 1 A is a table example of a process base file stored in a memory area of a line host controller. For each 
process such as M1 , M2 and M3, data pertaining to the products name, the quantities of manufacturing, the work start 
45 up date and time, the tact pitch (measured in seconds or minutes) and the work contents are stored in the file. As the 
work contents data, work name data X 1 to X 21 are stored. 

[0069] Fig. 1 1 B is a table example of a schedule file stored in a memory area of a line host controller. In this file, data 
of the work start up date, the type and code, the production number, the production sequence number and the work 
start up time for the first process M1 are stored. As mentioned above, each file such as the work content, the operator, 
50 the time zone and the production sequence number are previously made, the parts list file and the maintenance tool 
file are then loaded, and after the production command data from the production control system are input, each following 
step and a process base work fiie and a schedule file can be obtained. 

[0070] Fig. 12 is a first part of a process flow chart for generating a work order sheet arranging a production line 
balance that is most appropriate. In the drawings, the numeral following the letter "S" indicates the step number. Each 
55 file such as the work contents, the operators, the time zone and the standard parts feeding sequence, and each parts 
list file and maintenance tool file are previously loaded. And the production command signal for manufacturing the 
number of products is received from the production control system. The contents of these files are described in the 
following. 
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(STEP S1): Determine whether or not all assembling parts are provided. If yes, go to STEP S3, if no, go to STEP 
S2. This is determined by comparing each part quantity data to compose a product that is written in a parts list file 
for the product that is produced in the next process with the stock quantity data of each part stored in the disc of 
the line host controller as parts control. Namely, the stock quantity is checked to determine whether or not there 
5 is the necessary quantity for making a product in the next process. Stock quantities are always checked whenever 

parts are supplied to or removed from the stock. 

(STEP S2) : Determine whether or not to continue the process when there is insufficient stock. If it is determined 
to continue, go to STEP S3, if not, return to STEP S1 . The process can be continued if the operator determines 
that the missing parts can be provided later. 
10 (STEP S3) : Read the production command from the production control system. 

(STEP S4) : Determine whether or not the production command file is completed. If yes, go to STEP S7, if no, go 
to STEP S5. 

(STEP S5) : Read the type code and find the standard parts feeding sequence. 

(STEP S6) : Make a schedule file in which the work start date, the type code, the name of a product, the quantity 
15 of the manufacturing product, the work sequence and the work start time of a determined work process are pro- 

vided. 

(STEP S7) : Sort the schedule file in the order of the feeding sequence number. STEP S3 to S6 described above 
are stages for determining the feeding sequential number for the production system command. 

20 [0071] Fig. 13 is a second part of the flow chart continuing to Fig. 12. 

(STEP S11) : Assume total work number is n quantities, total work man-hour is X minutes, each work man-hour 
is X n minutes and the process number is m quantities. As a No. 1 method, assume 

25 

(total work man-hour/process number = X/m) = A M = A j2 = 
— A, m minutes, while as a No. 2 method, assume 
A (1 = (total work man-hour) x R^Rj + R 2 + — + R m ) 

30 

A, 2 = (total work man-hour) x R 2 /(R 1 + R 2 + — + R m ) 



A jm = (total work man-hour) x R m /(R^ + R 2 + — + R m ) 

Set the work man-hours for each process as A m minutes, the imaginary process man-hours as A F minutes, the 
Rating as R and changeable values as L and J. Where, the original settings of X, A, m , A m , A F and L are 0, while 
40 the original setting of J = 1 . 

(STEP S12) : Compare j with m. If J is larger than m, go to STEPS16. If J equals m or J is less than m, go to STEP 
S13. 

(STEP S1 3) : Compare Aj with A, m . If Aj is larger than A, m , go to STEP S1 5. If Aj equals A jm or Aj is less than A !m , 
go to STEP S1 4. 

45 (STEP S1 4) : Add L plus 1 and update the data. Add Aj plus X L and update the Aj data. 

(STEP S1 5) : Add J + 1 and update the J data in the memory. 

(STEP S16) : Compare the variable data L with the total work number n. If L is larger than n, go to STEP S21 , if 
L equals n or if L is less than n, go to STEP S17. 

(STEP S1 7) : Add L plus 1 and update the data L. Add A F to X ( , and update the A F data in the memory. 

50 

[0072] Fig. 1 4 is the last part of the flow chart continuing to Fig. 1 3. Divide A F , an element of imaginary process man- 
hours into X{, X{ +1 , — X n . For minimizing production line tact, the line balance loss, that is, redundant time from the 
time difference between the working time of each process will be minimized in the following method. 
[0073] Calculate the element number n' of imaginary process man-hours A F from n - 1 + 1 . And calculate the total 
55 working man-hours Y after multiplying the rating using the following formula (1). 
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Y = ^ x 100/R, + A 2 x 100/R 2 + ~ + A m X 1 00/R m + X € + X €+1 + - + X n (1) 

average value y = Y/m (2) 

Calculate the formula (2) and calculate the difference between the average and the man-hours of each process from 
the formula (3). 

AA 1 = y - (A 1 x 100^ + X< x Z u + X M x Z 12 + --+ X n X Z 1n> ) 
AA 2 = y - (A 2 x 100/R 2 + X ( X Z 21 + X, +1 x Z 22 + X n x Z 2n .) 



AA m = y - (A m x 100/R m + X e x Z m1 + X, +1 x Z m2 + X n x Z mn .) (3) 
[0074] Then execute the following steps. 

20 

(STEP S21 ): Set the average value y previously calculated as the variable number 0 p to determine the line balance. 
(STEP S22): Set all 0 from matrix Z u to Z mm ., where Z 11 to z mn , are variable data of 1 or 0. 
(STEP S23): In Loop 1 from 1 to m in the variable number Z LOOP ., , in Loop 2 from 1 to m in the variable number 
Z LOOP 2t 2 , — , and in Loop n' from 1 to m in the variable number Z LOO p n ', n '> execute STEP S24, STEP S25 and 
25 STEP S26 and return to STEP S22. 

(STEP S24): Calculate from AA 1 to AA m . 

(STEP S25) : Add the minimum value of the absolute value of AA 1 to AA m with the maximum value of the absolute 
value of AA 1 to AA m , and set the sum as a loss data. 

(STEP S26) : Compare the Loss value with Op value, if the Loss value equals the Op value or is less than the 0 P 
30 value, go to step S27. If the Loss value is larger than the 0 P value, go back to STEP S22. 

(STEP S27) : Set the Loss value as a variable number O p . 

(STEP S28) : Memorize variable number Z^ from the LOOP 1 from 1 to m. Memorize variable number Z op2 from 
the LOOP 2 from 1 to m. Memorize variable number Z opn , from the LOOP n , from 1 to m. 

From this, it is determined which of Z^ to Z mn , is set to 1 for each process, in other words, it is determined 
35 which work is processed in which process, namely, each matrix data 1 or 0 for to Z mn , is determined. 

(STEP S29) : Generate the process based work file that indicates when and what time the work process starts, 
what product is going to be manufactured and which work should be executed. 

[0075] Fig. 15 is a table example showing a first calculation process of a production line balance considered most 
40 appropriate. This example shows how to calculate and minimize the line balance loss under the total number of oper- 
ations is 21 (n=21), the number of processes such as M1 , M2 and M3 is 3 (m=3), and each operator rating is R 1= 11 0, 
R 2 =80, and R 3 =95, respectively. 

[0076] Each work man-hours X 1( X 2 , — X 21 is as shown in Fig. 15, the sum of X^ to X 6 is A 1 equals 62, if X 7 is added 
to A 1( the sum becomes 80, which is larger than A im = 213/3 = 71 (total work man-hour/process number). So that 
45 processes after X 7 are determined as the next operator's work processes. 

[0077] Then the sum of X 7 to X g , which is A 2 , is 49, and A 2 plus X 10 equals 72, which is larger than A, m = 71 . So that 
processes after X 10 are determined as the next operator's work processes. 

[0078] Then, the sum of X 10 to X 14 , which is A 3> is 63, and A 3 plus X 15 becomes 72, which is larger than A jm = 71 . 
So that processes after X 15 to X 21 are shared by 3 operators. In each work process, the rating multiplied values become 
50 57, 62 and 67 respectively as shown in Fig. 1 5. In this way, assigning work to each process so as to minimize the line 
balance loss can be determined as shown in Fig. 15. It is understood that each work process becomes 75 and the line 
balance loss becomes 0. 

[0079] Fig. 1 6 is a table example showing a second calculation process of a production line balance considered most 
appropriate. This example shows how to calculate and minimize the line balance loss under the condition that the total 
55 number of works is 21 (n=21 ), the number of processes, such as M1 , M2 and M3 is 3 (m=3), and each operator rating 
is R 1 = 110, R 2 = 80 and R 3 = 95, respectively. Each work man hours X 1( X 2 , — X 21 is as shown in Fig. 16, the total 
working man-hours X is 213, which is the sum of the man-hours of each process. 
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[0080] In this 2nd method, each operator shared man-hours A jm is calculated by the following equation. A (m = X x 
R/(R 1 + R 2 + R 3 ) (m=1 to 3), where X is the sum of the man-hours of each process, Rj is a rating of each process. 

A n =213 X 110/(1 10 + 80 + 95) = 82.2 
A j2 = 213 X 80/(110 + 80 + 95) = 59.8 

10 Aj3 = 213 X 95/(1 10 + 80 + 95) = 71 

[0081] Now, the sum A 1 of X 1 to X 7 is 80, and by multiplying A 1 by the rating, the value 80 x 100/110 = 72.7 is 
obtained. Processes after X 8 are determined as the next operator's work processes. Then the sum of X 8 to X 10 , which 
15 is A 2 , is 52, and by multiplying A 2 by the rating, the value 54 x 100/80 = 67.5 is obtained. Processes after X n are 
determined as the next operators' work processes. 

[0082] The sum of X^ to X 19> which is A 3 , is 70, and by multiplying A 3 by the rating, the value 70 x 100/95 = 97.3 
is obtained. Last of all, the lest of the man-hours are shared by 3 operators. In this case, each work X 20 = 3 and X 21 
= 6 is shared by M1 and M2 respectively, then calculate A t ' = 72.7 + 3 = 75.7, A^ = 67.5 + 6 = 73.5 and A 3 * = 73.7. 

20 Accordingly, it is understood that sharing work to minimize line balance is as shown in Fig. 16. 

[0083] Fig. 17A and Fig. 17B show each half part of a collection of display examples of work order sheets. These 
displays show work order sheets at an assembling site No. 1 at every tact interval, such as to, t 1 , — , t 5 . In the drawings, 
although they are not shown, the displays at the assembling site No. 2 show the same displays as No. 1 after delaying 
one tact time interval; the displays at the assembling site No. 3 show the same displays as No. 2 after delaying one 

25 tact time interval. 

[0084] The drawings indicate that products a and products p are to be assembled individually. The work contents 
for assembling the products a and p, and cautions are also displayed. And, if there is no work content, messages for 
work preparation and work end reports are shown on the screen. 

[0085] Fig. 1 8A is a display example when faulty unit data of each product is input and Fig. 1 8B is a display example 
30 when the product error codes are input. 
[0086] In Fig. 18A, operators input 

00 when the test process is a basic process, 

01 when the test process is an aging process, 
35 02 when the test process is the last process. 

In the same way, corresponding codes pertaining to the temperature condition, voltage condition and impulse condition 
are input. 

[0087] As shown in Fig. 18B, operators input error codes for each fault phenomenon through the fault information 
40 terminal by viewing the CRT screen connected with the fault information terminal. 

[0088] Fig. 19A is a display example of a unit list for a product before replacing faulty units, Fig. 19B is a display 
example of a unit list for a product after replacing faulty units. 

[0089] Fig. 19A displays the case when a 3.5 inch size floppy disk is determined a faulty disc at No. 6 unit product. 
In this case, when input 06 by operating the keyboard at the terminal, the data No. 6 is deleted from the disc of the 
45 line host controller. 

[0090] Fig. 1 9B shows the screen after rewriting the lot number, the parts number of the semi-assembled product 
unit after repairing the semi-assembling unit by replacing the new unit for the fault unit No. 6. 
[0091] As heretofore explained a versatile production system and methods for operating the same that can monitor 
the running condition of the system and diagnose abnormal conditions immediately are provided, thereby generating 
so work order sheets for each operator reflecting the diagnostic results. Furthermore, the present invention provides a 
versatile production system and methods for operating the same that provide work order sheets so as to increase 
productivity and minimize tact balance loss for the production line corresponding to the work change command gen- 
erated from the production control system; namely, the system automatically and swiftly generates the schedule file 
and the process base work file. 

55 
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Claims 

1 . A versatile production system comprising: 

5 at least one assembling site (1) for assembling parts sequentially delivered and for making various kinds of 

products on a single production tine; 

at least one testing site (2) for testing and inspecting the performance or quality of assembled products; 

a plurality of line terminals (3) installed at any of said assembling sites (1) or said testing sites (2); 

a communication-memory unit (4) attached to and flowing with either a said product or a pallet carrying a said 
10 product, said communication-memory unit (4) exchanging manufacturing data with said line terminals (3) and 

memorizing data when its associated pallet or product is conveyed to said production line; 

a line host controller (5) which reads said memorized data from said communication-memory unit (4) via said 

line terminals (3) and uses the read data to output work order sheets for operators working at said assembling 

sites (1) and said testing sites (2) via said line terminals (3); 
15 a line host control terminal (6) that directly inputs and outputs data for master file maintenance to/from said 

line host controller, said data for master file maintenance including work order control data, progress control 

data, schedule arrangement data and machine history related data, and 

a faulty product information terminal (7) which inputs fault code data to the line host controller (5) showing the 
presence of faulty products which should be replaced, the said faulty product information terminal (7) being 
20 used to delete said fault code data after correction of a fault by replacing said faulty products. 

2. A versatile production system according to claim 1 wherein said line host controller (5) monitors parameters such 
as time control, quality conditions and states of operators for running conditions of said versatile production line, 
compares said parameter data with a caution level threshold value and displays a caution notice when said pa- 

25 rameter data is larger than said caution threshold value through said line terminals (3) or said line host control 

terminal (6). 

3. A versatile production system according to claim 1 wherein said, line host controller (5) monitors parameters such 
as time control, quality conditions and states of operators for running conditions of said production line, compares 

30 said parameter data with a hazard level threshold value and displays a hazard notice when said parameter data 

is larger than said hazard level threshold value through said line terminal (3) or said line host control terminal (6), 
and outputs work orders for rearranging said production line. 

4. A versatile production system according to claim 1 wherein said line host controller (5) monitors parameters such 
35 as time control, quality conditions and states of operators for running conditions of said production line, compares 

said parameter data with a critical fault level threshold value and stops said production line, displays and outputs 
work orders for operators, thereby providing next work operations through said line terminals (3) or said line host 
control terminal (6) when said parameter data is larger than said critical threshold value. 

40 5. A versatile production system according to claim 1 wherein parameter related time control is calculated after com- 
munication with said line host controller (5) via said line terminals (3) concerning said memorized data in said 
communication-memory unit (4). 

6. A versatile production system according to claim 1 wherein said parameter related quality conditions are calculated 
45 from data communicated with said line host controller (5) via said line terminals (3) or said fault product information 

terminal (7). 

7. A versatile production system according to claim 1 wherein said parameters related to states of operators are 
calculated from sensor signals, which are installed in said work places for operators and electrically connected to 

so a programmable controller and said sensor signals are transmitted to said line host controller (5) via said line 

terminals (3). 

8. A method for operating a versatile production system, said versatile production system having at least one assem- 
bling site (1) for assembling parts sequentially delivered and for making various kinds of products on a single 

55 production line; at least one testing site (2) for testing and inspecting the performance or quality of assembled 

products and a plurality of line terminals (3) installed at any of said assembling sites (1) or said testing sites (2); 
wherein said method comprises 
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exchanging manufacturing data between a communication-memory unit (4), attached to and flowing with either 
said product or a pallet carrying said product, and said line terminals (3), and memorizing data when the 
associated pallet or product is conveyed to said production line; 

5 reading said memorized data from said communication-memory unit (4) via said line terminals (3) by a line 

host controller (5) and using the read data to output work order sheets for operators working at said assembling 
sites (1 ) and said testing sites (2) via said line terminals (3); 

directly inputting and outputting data for master file maintenance to/from said line host controller (5) by a line 
10 host control terminal (6), said data for master file maintenance including work order control data, progress 

control data, schedule arrangement data and machine history related data; 

inputting fault code data to the line host controller (4) by a faulty product information terminal (7), said fault 
code data showing the presence of faulty products which should be replaced, and using the said faulty product 
15 information terminal (7) to delete said fault code data after correction of a fault by replacing said faulty products; 

wherein said method further comprises 

a first step that monitors parameter data such as time control, quality conditions and state of operators for 
20 running conditions of said production line; 

a second step that compares said parameter data with a caution level threshold value; 

and a third step that displays a caution notice, when said parameter data is larger than said caution level 
25 threshold value, through said line terminals (3) or said host control terminal (6). 

9. A method for operating a versatile production system according to claim 8, wherein said method comprises: 

a step that displays a hazard notice when said parameter data is larger than said hazard level threshold value 
30 through said line terminal (3) or said line host control terminal (6); and 

a step that outputs work orders for rearranging said production line. 

1 0. A method for operating a versatile production system claimed in claim 9, wherein said production line is rearranged 
35 by means of changing the work man-hours for each operator and the number of operators, and the work place 

changes depending on the operators' rating. 

11. A method for operating a versatile production system according to claim 8 or 9, wherein said method comprises 
40 a further step that compares said parameter data with a critical fault level threshold value; 

a step that stops said production line; 

and a further step displays and outputs work orders for operators, thereby providing next work operations 
45 through said line terminals (3) or said line host control terminal (6) when said parameter data is larger than 

said critical threshold value. 



Paten tanspruche 

50 

1. Vielseitiges Produktionssystem, umfassend: 

zumindest einen Montageplatz (1 ) zum Zusammenbauen von Teilen, welche nacheinander angeliefert werden, 
und zum Herstellen verschiedener Arten von Produkten auf einer einzigen FertigungsstraGe; 

55 

zumindest einen Testplatz (2) zum Testen und Uberprtifen der Leistung oder Qualitat von zusammengebauten 
Produkten; 
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eine Mehrzahl von FertigungsstraBenterminals (3), welche an einem oder mehreren Montageplatzen (1) oder 
Testplatzen (2) installiert sind; 

eine Kommunikationsspeichereinheit (4), welche entweder an einem der Produkte oder einer Palette, welche 
eines der Produkte tragt, befestigt ist und damit mitbewegt wird, wobei die Kommunikationsspeichereinheit 
(4) Fertigungsdaten mit den FertigungsstraBenterminals (3) austauscht und Daten speichert, wenn die ihr 
zugeordnete Palette oder das ihr zugeordnete Produkt zur FertigungsstraBe befordert wird; 

eine FertigungsstraBenkontrolleinheit (5), welcher die gespeicherten Daten aus der Kommunikationsspeicher- 
einheit (4) uber die FertigungsstraBenterminals (3) ausliest und die gelesenen Daten verwendet, urn Arbeits- 
auftragsblatterfur Bedienpersonen, welche an den Montageplatzen (1) und den Testplatzen (2) arbeiten, uber 
die FertigungsstraBenterminals (3) auszugeben; 

ein FertigungsstraBenkontrolleinheitenterminal (6), welches Daten zur Stammdateipflege direkt zur Ferti- 
gungsstraBenkontrolleinheit eingibt und von diesem ausgibt, wobei die Daten zur Stammdateipflege Arbeits- 
auftragssteuerdaten, Fortschrittssteuerdaten, Terminierungsdaten und historische Maschinendaten umfas- 
sen, und 

ein Produktfehlerdatenterminal (7), welches Fehlercodedaten, welche das Vorliegen fehlerhafter Produkte 
anzeigen, die ausgetauscht werden sollten, zur FertigungsstraBenkontrolleinheit (5) eingibt, wobei das Pro- 
duktfehlerdatenterminal (7) verwendet wird, urn die Fehlercodedaten nach Behebung eines Fehlers durch 
Austausch der fehlerhaften Produkte zu loschen. 

Vielseitiges Produktionssystem nach Anspruch 1, wobei die FertigungsstraBenkontrolleinheit (5) Parameter wie 
Zeitsteuerung, Qualitatsbedingungen und Status der Bedienpersonen fiir Betriebsbedingungen der vielseitigen 
FertigungsstraBe uberwacht, die Parameterdaten mit einem Warnpegelschwellwert vergleicht und, wenn die Pa- 
rameterdaten groBer als der Warnschwellwert sind, eine Warnmeldung durch die FertigungsstraBenterminals (3) 
oder das FertigungsstraBenkontrolleinheitenterminal (6) anzeigt. 

Vielseitiges Produktionssystem nach Anspruch 1, wobei die FertigungsstraBenkontrolleinheit (5) Parameter wie 
Zeitsteuerung, Qualitatsbedingungen und Status der Bedienpersonen fur Betriebsbedingungen der Fertigungs- 
straBe uberwacht, die Parameterdaten mit einem Gefahrenpegelschwellwert vergleicht und, wenn die Parameter- 
daten groBer als der Gefahrenschwellwert sind, eine Gefahrenmeldung durch die FertigungsstraBenterminals (3) 
oder das FertigungsstraBenkontrolleinheitenterminal (6) anzeigt, und Arbeitsauftrage zum Umorganisieren der 
FertigungsstraBe ausgibt. 

Vielseitiges Produktionssystem nach Anspruch 1, wobei die FertigungsstraBenkontrolleinheit (5) Parameter wie 
Zeitsteuerung, Qualitatsbedingungen und Status der Bedienpersonen fiir Betriebsbedingungen der Fertigungs- 
straBe uberwacht, die Parameterdaten mit einem kritischen Fehlerpegelschwellwert vergleicht und die Fertigungs- 
straBe anhalt, Arbeitsauftrage fiir Bedienpersonen anzeigt und ausgibt und dadurch uber die FertigungsstraBen- 
terminals (3) oder das FertigungsstraBenkontrolleinheitenterminal (6) nachste Arbeitsgange vorsieht, wenn die 
Parameterdaten groBer als der kritische Schwellwert sind, 

Vielseitiges Produktionssystem nach Anspruch 1, wobei die parameterbezogene Zeitsteuerung nach Kommuni- 
kation mit der FertigungsstraBenkontrolleinheit (5) uber die FertigungsstraBenterminals (3) mit Hinblick auf die 
gespeicherten Daten in der Kommunikationsspeichereinheit (4) ermittelt wird. 

Vielseitiges Produktionssystem nach Anspruch 1 , wobei die parameterbezogenen Qualitatsbedingungen aus Da- 
ten ermittelt werden, welche mit der FertigungsstraBenkontrolleinheit (5) uber die FertigungsstraBenterminals (3) 
oder das Produktfehlerdatenterminal (7) ubertragen werden. 

Vielseitiges Produktionssystem nach Anspruch 1 , wobei die Parameter, welche Status der Bedienpersonen be- 
treffen, aus Sensorsignalen ermittelt werden, welche an den Arbeitsplatzen fur Bedienpersonen installiert und mit 
einer programmierbaren Steuerung elektrisch verbunden sind, und wobei die Sensorsignale uber die Fertigungs- 
straBenterminals (3) zur FertigungsstraBenkontrolleinheit (5) ubertragen werden. 

Verfahren zum Betreiben eines vielseitigen Produktionssystems, wobei das vielseitige Produktionssystem zumin- 
dest einen Montageplatz (1) zum Zusammenbauen von Teilen, welche nacheinander angeliefert werden, und zum 
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Herstellen verschiedener Arten von Produkten auf einer einzigen FertigungsstraBe; zumindest einen Testplatz (2) 
zum Testen und Uberprufen der Leistung Oder Qualitat von zusammengebauten Produkten und eine Mehrzahl 
von FertigungsstraBenterminals (3), welche an einem Oder mehreren Montageplatzen (1) oder Testplatzen (2) 
installiert sind, aufweist; 
s wobei das Verfahren umfaBt: 

Austauschen von Fertigungsdaten zwischen einer Kommunikationsspeichereinheit (4), welche entweder an 
dem Produkt Oder an einer Palette, welche das Produkt tragt, befestigt ist und damit mitbewegt wird, und den 
FertigungsstraBenterminals (3) und Speichern von Daten, wenn die zugeordnete Palette oder das zugeord- 
10 nete Produkt zur FertigungsstraBe befordert wird; 

Auslesen der gespeicherten Daten aus der Kommunikationsspeichereinheit (4) uber die FertigungsstraBen- 
terminals (3) durch eine FertigungsstraBenkontrolleinheit (5) und Verwenden der gelesenen Daten, urn Ar- 
beitsauftragsblatterfur Bedienpersonen, welche an den Montageplatzen (1) und den Testplatzen (2) arbeiten, 
is uber die FertigungsstraBenterminals (3) auszugeben; 

direktes Eingeben und Ausgeben von Daten zur Stammdateipflege zu bzw. von der FertigungsstraBenkon- 
trolleinheit (5) durch ein FertigungsstraBenkontrolleinheitenterminal (6), wobei die Daten zur Stammdateipfle- 
ge Arbeitsauftragssteuerdaten, Fortschrittssteuerdaten, Terminierungsdaten und historische Maschinen daten 
20 umfassen; 

Eingeben von Fehlercodedaten zur FertigungsstraBenkontrolleinheit (4) durch ein Produktfehlerdatenterminal 
(7), wobei die Fehlercodedaten das Vorliegen fehlerhafter Produkte anzeigen, die ausgetauscht werden soli- 
ten, und Verwenden des Produktfehlerdatenterminals (7), urn die Fehlercodedaten nach Behebung eines Feh- 
25 lers durch Austausch derfehlerhaften Produkte zu loschen; 

wobei das Verfahren des weiteren umfaBt: 

einen ersten Schritt, welcher Parameterdaten wie Zeitsteuerung, Qualitatsbedingungen und Zustand von Be- 
30 dienpersonen fur Betriebsbedingungen der FertigungsstraBe uberwacht; 

einen zweiten Schritt, welcher die Parameterdaten mit einem Warnpegelschwellwert vergleicht; 

und einen dritten Schritt, welcher, wenn die Parameterdaten groBer als der Warnpegelschwellwert sind, eine 
35 Warnmeldung durch die FertigungsstraBenterminals (3) oder das Leitregelterminal (6) anzeigt. 

9. Verfahren zum Betreiben eines vielseitigen Produktionssystems nach Anspruch 8, wobei das Verfahren umfaBt; 

einen Schritt, welcher, wenn die Parameterdaten groBer als der Gefahrenpegelschwellwert sind, eine Gefah- 
40 renmeldung durch das FertigungsstraBenterminal (3) oder das Leitregelterminal (6) anzeigt; und 

einen Schritt, welcher Arbeitsauftrage zum Umorganisieren der FertigungsstraBe ausgibt. 

10. Verfahren zum Betreiben eines vielseitigen Produktionssystems nach Anspruch 9, wobei die FertigungsstraBe 
45 durch Andern der Arbeitsmannstunden fur jede Bedienperson und der Anzahl von Bedienpersonen umorganisiert 

wird und sich der Arbeitsplatz je nach Bewertung der Bedienpersonen andert. 

11. Verfahren zum Betreiben eines vielseitigen Produktionssystems nach Anspruch 8 oder 9, wobei das Verfahren 
umfaBt: 

50 

einen weiteren Schritt, welcher die Parameterdaten mit einem kritischen Fehlerpegelschwellwert vergleicht; 

einen Schritt, welcher die FertigungsstraBe anhSIt; 

55 und einen weiteren Schritt, welcher Arbeitsauftrage fur Bedienpersonen anzeigt und ausgibt, wodurch nachste 

Arbeitsgange uber FertigungsstraBenterminals (3) oder das FertigungsstraBenkontrolleinheitenterminal (6) 
vorgesehen werden, wenn die Parameterdaten groBer als der kritische Schwellwert sind. 
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Revend (cations 

1 . Systeme de production polyvalent comprenant : 

5 au moins un site d'assemblage (1) destine a {'assemblage de pieces amenees de facon sequentielle et a la 

fabrication de produits de differents types sur une ligne de production unique ; 

au moins un site d'essai (2) destine a I'epreuve et Inspection des performances ou de la qualite des produits 
assembles ; 

10 

une pluralite de terminaux de ligne (3) installes surchaque desdits sites d'assemblage (1) ou desdits sites de 
test (2) ; 

une unite memoire de communication (4) attachee a un dit produit ou une palette portant un dit produit et avec 
15 lesquels elle circule, ladite unite memoire de communication (4) echangeant des donnees de fabrication avec 

lesdits terminaux de ligne (3) et memorisant des donnees lorsque la palette ou le produit associes sont con- 
voyes vers ladite ligne de production ; 

un controleur de ligne principal (5) qui lit lesdites donnees memorisees de ladite unitd memoire de communi- 
20 cation (4) via lesdits terminaux de ligne (3) et utilise les donnees lues pour produire via lesdits terminaux de 

ligne (3) des bons de travail destine aux operateurs travaillant sur lesdits sites d'assemblage (1 ) et d'essai (2) ; 

un terminal principal de controle de ligne (6) qui entre directement les donnees de maintenance de fichier 
permanent dans le contrdleur de ligne principal et les en sort directement, lesdites donnees de maintenance 
25 de fichier permanent incluant des donnees relatives a la gestion des bons de travail, a la gestion des progres 

effectues, a la determination des delais et a I'histoire de la machine, et 

un terminal d'information sur les produits defectueux (7) qui entre les donnees de code d'erreur dans le con- 
trfileur de ligne principal (5) indiquant ainsi la presence de produits defectueux a remplacer, ledit terminal 
30 d'information sur les produits defectueux (7) etant employe pour effacer les donnees de code d'erreur une fois 

la correction effectuee par remplacement desdits produits defectueux. 

2. Systeme de production polyvalent selon la revendication 1 dans lequel ledit controleur de ligne principal (5) gere 
des parametres tels que la commande de temps, les conditions de qualite et les statuts des operateurs, relatifs 

35 aux conditions de fonctionnement de ladite ligne de production polyvalente, compare lesdites donnees parame- 

triques avec une valeur seuil divertissement et affiche un message d'avertissement par le biais desdits terminaux 
de ligne (3) ou ledit terminal principal de contrdle de ligne (6) lorsque ladite valeur parametrique est superieure a 
ladite valeur seuil d'avertissement. 

40 3. Systeme de production polyvalent selon la revendication 1 dans lequel ledit contrGleur de ligne principal (5) gere 
des parametres tels que la commande de temps, les conditions de qualite et les statuts des operateurs, relatifs 
aux conditions de fonctionnement de ladite ligne de production polyvalente, compare lesdites donnees parame- 
triques avec une valeur seuil de danger et affiche un message de danger par le biais desdits terminaux de ligne 
(3) ou ledit terminal principal de contrdle de ligne (6) lorsque ladite valeur parametrique est superieure a ladite 

45 valeur seuil de danger, et produit des bons de travail pour reorganiser ladite ligne de production. 

4. Systeme de production polyvalent selon ia revendication 1 dans lequel ledit controleur de ligne principal (5) gere 
des parametres tels que la commande de temps, les conditions de qualite et les statuts des operateurs, relatifs 
aux conditions de fonctionnement de ladite ligne de production polyvalente, compare lesdites donnees parame- 
50 triques avec une valeur seuil d'erreur critique et arrete ladite ligne de production, affiche et produit des bons de 

travail pour des op6rateurs, indiquant ainsi les prochaines operations de travail par le biais desdits terminaux de 
ligne (3) ou ledit terminal principal de controle de ligne (6) lorsque ladite valeur parametrique est superieure a 
ladite valeur seuil critique. 

55 5. Systeme de production polyvalent selon la revendication 1 dans lequel ledit controle de temps associe au para- 
m6tre est calcule apres communication avec ledit contrdleur de ligne principal (5) via lesdits terminaux de ligne 

(3) , cette communication concernant lesdites donnees memoris6es dans ladite unite memoire de communication 

(4) . 
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6. Systeme de production polyvalent selon la revendicatlon 1 dans lequel lesdites conditions de qualite associees 
au parametre sont calculees a partir de donnees communiquees avec ledit contrdleur de ligne principal (5) via 
lesdits terminaux de ligne (3) ou ledit terminal d'information sur les produits defectueux (7). 

5 7. Systeme de production polyvalent selon la revendication 1 dans lequel lesdits parametres associ6s aux statuts 
des op6rateurs sont calcules a partir de signaux d6livres par des capteurs qui sont installs sur les postes de 
travail desdits op6rateurs et connected electriquement a un contrdleur programmable, et ou lesdits signaux d6livr6s 
par des capteurs sont transmis audit controleur de ligne principal (5) via lesdits terminaux de ligne (3). 

10 8. Proc6de pour I'exploitation d'un systeme de production polyvalent qui presente au moins un site d'assemblage (1 ) 
destin6 a I'assemblage de pieces amen6es de facon sequentielle et a la fabrication de produits de differents types 
sur une ligne de production unique, au moins un site d'essai (2) destin6 a l'6preuve et Inspection des performances 
ou de la qualite des produits assembles, une plurality de terminaux de ligne (3) installes sur chaque desdits sites 
d'assemblage (1) ou desdits sites de test (2) ; 

15 ledit procedS comprenant 

I'echange de donndes de fabrication entre une unite memoire de communication (4) attached a un dit produit 
ou une palette portant un dit produit et avec lesquels elle circule, et lesdits terminaux de ligne (3) et la memo- 
risation des donnees lorsque la palette ou le produit associes sont convoy6s vers ladite ligne de production ; 

20 

la lecture par un contrdleur de ligne principal (5) desdites donnees memorisees de ladite unite memoire de 
communication (4) via lesdits terminaux de ligne (3) et ('utilisation des donn6es lues pour produire via lesdits 
terminaux de ligne (3) des bons de travail destine aux op6rateurs travaillant sur lesdits sites d'assemblage (1 ) 
et d'essai (2) ; 

25 

I'entr6e directe de donn6es de maintenance de fichier permanent dans un terminal principal de contrdle de 
ligne (6) ainsi que leur sortie directe au moyen d'un controleur de ligne principal (5), lesdites donnees de 
maintenance de fichier permanent incluant des donnees relatives a la gestion des bons de travail, a la gestion 
des progres effectues, a la determination des d6lais et a I'histoire de la machine ; 

30 

I'entree au moyen d'un terminal d'information sur les produits defectueux (7) dans le contrdleur de ligne prin- 
cipal (5) de donnees de code d'erreur, ces dernieres indiquant la presence de produits d6fectueux a remplacer, 
ledit terminal d'information sur les produits defectueux (7) etant employ6 pour effacer les donnees de code 
d'erreur une fois la correction effectuee par remplacement desdits produits defectueux ; 

35 

ledit procedd comprenant par ailleurs 

une premiere etape consistant a g6rer des donn6es param6triques telles que la commande de temps, les 
conditions de qualite et le statut des operateurs, relatives aux conditions de fonctionnement de ladite ligne de 
40 production polyvalente ; 

une seconde etepe consistant a comparer lesdites donnees parametriques avec une valeur seuil 
d'avertissement ; 

45 et une troisieme etape consistant a afficher un message d'avertissement par le biais desdits terminaux de 

ligne (3) ou ledit terminal principal de contrSle de ligne (6) lorsque ladite valeur parametrique est sup6rieure 
a ladite valeur seuil d'avertissement. 

9. Proc6d6 pour I'exploitation d'un systeme de production polyvalent selon la revendication 8, ledit proced6 
so comprenant : 

une etape consistant a afficher un message de danger par le biais dudit terminal de ligne (3) ou dudit terminal 
principal de controle de ligne (6) lorsque ladite valeur param6trique est superieure a ladite valeur seuil de 
danger, et 

55 

une 6tape consistant a produire des bons de travail pour reorganiser ladite ligne de production. 

10. Proc6de pour I'exploitation d'un systdme de production polyvalent selon la revendication 9, ladite ligne de produc- 
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tion 6tant reorganisee par changement des heures de travail par personne pour cheque opeYateur ainsi que du 
nombre des operateurs, et le poste de travail changeant en fonction de la qualification de ces derniers. 

11. Proc6de pour I'exploitation d'un systeme de production polyvalent selon la revendication 8 ou 9, ledit procede 
5 comprenant 

une etape suppl6mentaire consistant a comparer lesdites donn6es parametriques avec une valeur seuil d'er- 
reur critique ; 

10 une etape consistant a arreter ladite ligne de production 

et une autre etape consistant a afficher et produire des bons de travail pour des op6rateurs, indiquant ainsi 
les prochaines operations de travail par le biais desdits terminaux de ligne (3) ou ledit terminal principal de 
contrdle de ligne (6) lorsque iadite valeur parametrique est supgrieure a ladite valeur seuil critique. 

15 
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